to 240,000 based on leading edge diameter are investigated.
The surface of the body is held at a constant 
II

Statement of Problem
Consider the problem of a body with a blunt leading edge. Figure  1 shows, schematically, the geometry of the problem (not drawn to scale). The body is uniform in the spanwise direction and extends far downstream of the leading edge. Let D define the leading edge diameter at the geometric stagnation point. This diameter is defined to be twice the leading edge radius of curvature.
The flow is confined on four sides by walls which define the test section.
Note that the test section does not vary in width or height in the streamwise direction.
The surface of the body is held at a uniform temperature. In the freestream a spanwise variation in momentum is introduced, characterized by a wavelength, )t, and an amplitude, A. The line from P to PP in figure 1 is at the same streamwise location as the leading edge, and is two diameters above the centerline of the tunnel. The amplitude of the spanwise variation of momentum on this line P -PP will be referred to as Ap. Experimentally, this spanwise variation is produced by a vertical array of wires located upstream of the body. Numerically, the spanwise variation in momentum is specified as a sinusoidal variation at the upstream boundary. The two geometries to be considered are a circular leading edge and a 3:1 elliptical leading edge. Figure 1  emphasizes the circular leading; the 3:1 elliptical lead- 
where qEI is the electric power dissipated in the foil heater, qrad is the heat lost by radiation from the gauge surface, qen_ is the heat lost to the epoxy from the unuarded ends of the aluminum strip, and qgav is the eat lost to the epoxy gap bet_een gauges, agage is the area of the gauge surface exposed to the air, Tg_ge is the assumed uniform temperature of the gage measured by the thermocouple, and Tow is the adiabatic wall temperature.
The radiation heat loss was estimated using an emissivity of 0.05 for the aluminum. The conduction losses qend and qgav were estimated from heat flow in a rectangle (the epoxy) with one side at a constant temperature (the edge of'the aluminum), an adjacent side with convection to air, and the other two sides assumed to be insulated [15, p. 167 ].
V Results
Tw0-Dimensional Results
General Remarks
In this section, cases with no spanwise variation are discussed. In terms of the inlet momentum, (pV)ch can be written
As mentioned above, this is a simple average between the inlet momentum and the momentum which would occur at the most blocked region due to conservation of mass.
The effect of variable properties appears to be best accounted for by evaluating the viscosity, _, and the thermal conductivity, k, at the freestream total temperature.
Evaluating these properties at a film temperature, defined as a simple average between the wall and the total temperatures, was also investigated.
It was found that using the film temperature, as opposed to using the total temperature, caused the FrSssling number to have a much stronger dependence on temperature difference. 
Tow= 4-P-;(T, -T dg,) + T dg,
The edge temperature is deduced from the surface pressure distribution obtained from the numerical resuits.
Using the isentropic relations, which are valid outside the boundary layer, and assuming that the pressure does not vary across the boundary layer, the edge temperature can be written as With the 3:1 elliptical leading edge model in place and the array of wires located 2.79D upstream of the leading edge, spanwise hot-wire traverses were used to measure the momentum profiles. Figure 9 shows the measured amplitude at position P, expressed as a percentage of the reference momentum. Position P is located at the same streamwise location as the leading edge, and approximately two leading edge diameters above the tunnel centerline, see figure 1 . Notice that the amplitude is relatively high at low Reynolds number, then drops off and settles on 4% over much of the Reynolds number range, perhaps due to mixing of wire wakes. Figure 10 shows the hot-wire trace for one of the largest amplitudes.
In this trace, one can see a dominant spanwise variation with spacing equal to the spacing in the array of wires. In addition, there is an unsteady component resulting from low levels of freestream turbulence and unsteadiness in the wire wakes. The amplitude for each trace was arrived at by simply looking at the trace and estimating the average peak-to-peak variation. This is the only set of measurements for which amplitude levels are available.
Notice that the present experimental and the numerical results have a trend similar to the correlation. The exception is that the numerical results seem to level off after an increase of roughly 25% is achieved.
The As will be shown below, the experimental results also exhibit this behavior.
If this result is true in general, then knowing the reaction of one body shape to a certain flow could provide information about other body shapes, which could expand the applicability of many existing results.
Experimentally, the smallest increase in the FrSssling number corresponds to the lowest Reynolds number, while the largest increase occurrs at the highest Reynolds number. Figure  12 shows the same data as in figure 11 , except plotted as a function of At,, the momentum amplitude at position P. As stated above, position P is located at the same streamwise location as the leading edge of the body, and approximately two leading edge diameters above the tunnel centerline. This plot demonstrates the very sharp rise in the numerical FrSssling number for amplitudes as low as 1 to 2% of the reference momentum.
The numerical results exhibit a much stronger sensitivity to Ap than to ReD.
Due to the number of points on figure 12, Reynolds numbers are not indicated for each point. However, the relative insensitivity to ReD can be seen by focussing one's attention on the six points clustered above Ap 2%. These six points range in Reynolds number from 22,000 to 100,000. In fact, the largest increase at Ap = 2% occurred for the lowest Reynolds number.
On the other hand, the experimental results exhibit quite a strong effect as Reynolds is varied. Referring once again to figure 12, figure 9 , the momentum variation reaching the body initially drops with increasing Reynolds number, then levels off. This drop in amplitude at the lower Reynolds numbers could explain the leveling off seen in the experimental FrSssling number at the lower Reynolds numbers. It must also be noted that at the lowest flow rate, the wire wakes appeared to be steady. That is, there was no vortex shedding in the wire wakes. As Reynolds number was increased above 20,000 the wakes became unsteady.
Thus, it can not be entirely ruled out that wire wake unsteadiness may be having some effect on these results. 
------Eq. S, Tu=o.028 Effect of overall body shape must be taken into consideration for an accurate prediction of the leading edge heat transfer. As will be shown below, the two body shapes considered in the present study, with exactly the same leading edge radius of curvature, can produce stagnation point Frbssling numbers which differ by roughly 20%. It will also be shown that this difference can be completely accounted for in terms of the coefficient V1 for each body. From these results, it will also be seen that one should not expect a leading edge Fr6ssling number near unity for all body shapes. One must know the gradient of the edge velocity at the leading edge, V1 to make an accurate approximation.
For application of the Frgssling analysis presented above, a representative case for each body shape was chosen.
The edge momentum for each body was deduced from the surface pressure in the numerical calculation.
Using the isentropic relations, and assuming constant pressure across the boundary layer, the edge momentum can be written as (pV)eeg_= pe=i,\P_i, / (p_-p_.,_) (A.8)
A least squares regression to a fifth order polynomial is then done in the range 0 < s/D < 1. The result for the circular leading edge is 
